Abstract: Uterine perivascular epithelioid cell tumors (PEComas) are rare neoplasms that may show overlapping morphology and immunohistochemistry with uterine smooth muscle tumors. In this study, we evaluated the morphologic, immunohistochemical, and molecular features of 32 PEComas, including 11 with aggressive behavior. Two distinct morphologies were observed: classic (n = 30) and those with a lymphangioleiomyomatosis appearance (n = 2). In the former, patients ranged from 32 to 77 (mean: 51) years and 13% had tuberous sclerosis. Tumors ranged from 0.2 to 17 (mean: 5.5) cm with 77% arising in the corpus. Epithelioid cells were present in 100% and a spindled component was seen in 37%. Nuclear atypia was low (53%), intermediate (17%), or high (30%). Mitoses ranged from 0 to 36 (mean: 6) and 0 to 133 (mean: 19) per 10 and 50 high-power fields, with atypical mitoses present in 30%. Thin and delicate vessels were noted in 100%, clear/ eosinophilic and granular cytoplasm in 93%, stromal hyalinization in 73%, necrosis in 30%, and lymphovascular invasion in 10%. All tumors were positive for HMB-45, cathepsin K, and at least one muscle marker, with most expressing melan-A (77%) and/or MiTF (79%). A PSF-TFE3 fusion was identified in one while another showed a RAD51B-OPHN1 fusion. Follow-up ranged from 2 to 175 (mean: 41) months, with 63% of patients alive and well, 20% dead of disease, 13% alive with disease, and 3% dead from other causes. In the latter group (n=2), patients were 39 and 49 years old, one had tuberous sclerosis, while the other had pulmonary lymphangioleiomyomatosis. Both tumors expressed HMB-45, cathepsin K, and muscle markers, but lacked TFE3 and RAD51B rearrangements. The 2 patients are currently alive and well. Application of gynecologic-specific criteria ( ≥ 4 features required for malignancy: size ≥ 5 cm, high-grade atypia, mitoses > 1/50 high-power fields, necrosis, and lymphovascular invasion) for predicting outcome misclassified 36% (4/11) of aggressive tumors; thus, a modified algorithm with a threshold of 3 of these features is recommended to classify a PEComa as malignant.
U terine perivascular epithelioid cell neoplasms (PEComas) are rare tumors with ∼100 cases reported in the English literature including 5 small series (consisting of 6, 6, 8, 11 , and 13 tumors). [1] [2] [3] [4] [5] PEComas have often been confused with smooth muscle tumors as they show overlapping morphologic and immunohistochemical features. However, adequate diagnosis is crucial given the potential for targeted therapy with mTOR inhibitors when they behave in an adverse manner. While an algorithm specific to gynecologic PEComas has been proposed to classify those that are likely to behave aggressively when a minimum of 4 atypical features are present (size ≥ 5 cm, high-grade atypia, mitoses > 1/50 high-power fields [HPF], necrosis, and lymphovascular invasion), 3 experience is limited and diagnostic criteria based on a small number of tumors (n = 16, 13 uterine) have not been corroborated.
Besides their association with TSC1 and TSC2 mutations, and those harboring TFE3 rearrangements, little is known about the molecular phenotype of uterine PEComas. To our knowledge, only one comprehensive genomic study has been performed wherein 38 PEComas from varying anatomic locations (including 11 uterine) were evaluated. 5 This study identified RAD51B fusions in 3 uterine PEComas, a rearrangement not present at any other location. Herein we describe the morphology and immunoprofile of 32 uterine PEComas, identify possible TFE3 and RAD51B rearrangements by fluorescence in situ hybridization (FISH), and apply the gynecologic-specific algorithm to assess its validity/ reproducibility.
MATERIAL AND METHODS
After approval by the institutional review board at the Massachusetts General Hospital, surgical pathology archives and consultation files of one of the authors (E.O.) were searched for uterine PEComas. Thirty-nine tumors were identified, but 7 were excluded for various reasons, resulting in a cohort of 32 (one previously reported 6 ). Age, history of tuberous sclerosis, recurrences, and date/status at last followup were obtained from medical records or consulting pathologist when available. Macroscopic features including tumor size, location, and gross description were recorded from the pathology reports.
Pathologic Examination
A minimum of 4 hematoxylin and eosin slides (range: 4 to 19) were examined per tumor unless the lesion was entirely submitted in less. Tumor border was classified as pushing, overtly or focally (invasion limited to one HPF [×400]) infiltrative, or permeative (resembling endometrial stromal sarcoma). Architecture (sheets, nests, cords, trabeculae, fascicles, pseudoalveoli, single cells) and percentage of epithelioid and spindled cells were recorded. Nuclear atypia was graded as low (cells with little to no variation in size and shape), intermediate (up to 2-fold variation) or high ( > 2-fold variation). Presence of multinucleated cells, Touton giant cells, "melanoma-like" macronucleoli, intranuclear pseudoinclusions, and melanin pigment was noted, and cytoplasm was characterized as clear/eosinophilic and granular, rhabdoid, or foamy. Mitotic index per 10 and 50 HPFs, atypical mitoses, lymphovascular invasion, and necrosis were recorded when present. Degree of stromal hyalinization (absent, focal, or diffuse), vessel morphology (thin and delicate, thin and ectatic, thick-walled, staghorn), and perivascular/radial distribution of tumor cells were also noted.
Immunohistochemistry
Primary monoclonal antibodies to HMB-45 (clone HMB45, ready to use; Leica Biosystems, Buffalo Grove, IL), melan-A (clone A103, ready to use; Leica Biosystems), MiTF (clone C5/D5, ready to use; Bio SB, Santa Barbara, CA), cathepsin K (clone 3F9, ready to use; Cell Marque, Rocklin, CA), desmin (clone DE-R-11, ready to use; Leica Biosystems), smooth muscle actin (clone alpha sm-1, ready to use; Leica Biosystems), and h-caldesmon (clone h-CD ER1, dilution 1:100; Dako, Santa Clara, CA) were applied to a representative 5 μm thick section of formalin-fixed, paraffinembedded tumor. Stains were interpreted as <1% expression (0), 1% to 5% (1+), 6% to 25% (2+), 26% to 50% (3+), and > 50% (4+). Intensity was graded as strong, heterogenous, or weak. Stains were considered positive if a nuclear (MiTF) or cytoplasmic (HMB-45, melan-A, cathepsin K, desmin, smooth muscle actin, h-caldesmon) pattern was noted.
Fluorescence In Situ Hybridization
FISH on interphase nuclei from paraffin-embedded 5 μm thick sections was performed applying custom probes using bacterial artificial chromosomes (BAC), covering and flanking TFE3 in Xp11. 23 and RAD51B in 14q24.1. BAC clones were chosen according to the UCSC genome browser (http://genome.ucsc.edu). 5 The BAC clones were obtained from BACPAC sources of Children's Hospital of Oakland Research Institute (Oakland, CA; http://bacpac.chori.org). DNA from individual BACs was isolated according to the manufacturer's instructions, labeled with different fluorochromes in a nick translation reaction, denatured, and hybridized to pretreated slides. Slides were then incubated, washed, and mounted with DAPI in an antifade solution. The genomic location of each BAC set was verified by hybridizing them to normal metaphase chromosomes. Two hundred successive nuclei were examined using a Zeiss fluorescence microscope (Zeiss Axioplan, Oberkochen, Germany), controlled by Isis 5 software (Metasystems, Newton, MA). A positive score was interpreted when at least 20% of nuclei showed a break-apart signal. Nuclei with an incomplete set of signals were omitted from the score.
Statistical Analysis
An adverse clinical course was defined as extrauterine disease, recurrence, and/or death. Associations between clinical outcome (benign vs. aggressive) and pathologic features were evaluated using the Fisher exact and Mann-Whitney U tests for categorical and continuous variables, respectively. To assess the performance of continuous variables in predicting adverse behavior, receiver-operator curves were built. Multivariate analyses were conducted using binomial logistic regression, obtaining odds ratios, and 95% confidence intervals. All hypothesis tests were 2-sided and statistical significance was set at P < 0.05. Statistical analyses were performed using SAS software (version 9.4, SAS Institute, Cary, NC) and Stata (Version 14.0, StataCorp, College Station, TX). 
RESULTS

Pathologic Examination
On gross examination, most tumors (77%, 23/30) arose in the corpus whereas the remaining 23% (7/30) were centered in the cervix. Tumors ranged from 0.2 to 17 (mean: 5.5, median: 4.3; size unavailable in 2) cm. Their cut surface ranged from pink to tan-brown to yellow-brown to white and a subset were hemorrhagic (20%, 6/30) or necrotic (17%, 5/30) (Fig. 1) . A soft consistency was described in 17% (5/30) while another 17% (5/30) were firm and 10% (3/30) friable.
On microscopic evaluation, adjacent normal myometrium was present in 93% (28/30) of tumors allowing for evaluation of tumor-myometrium interface. A well-circumscribed, pushing border was noted in 18% (5/28) of tumors while invasion was present in 82% (23/28) (Fig. 2) . The latter more frequently had an infiltrative pattern (overt 52%, 12/23; focal 30%, 7/23), rarely a permeative growth (4%, 1/23), and 3 tumors (13%) showed a combined infiltrative/permeative pattern of invasion.
Tumors had one or more architectural patterns with nests being the most common (70%, 21/30), followed by sheets (60%, 18/30), trabeculae (30%, 9/30), cords (30%, 9/30), fascicles (10%, 3/30), single cells (7%, 2/30), and pseudoalveoli (3%, 1/30). Epithelioid cells were noted in all PEComas, comprising 25% to 100% (mean: 86%, median: 100%) of an individual tumor. Spindled cells were present in 37% (11/30) and ranged from 1% to 75% (mean: 37%, median: 30%). Nuclear atypia was low in 53% (16/30) Stromal hyalinization was noted in 73% (22/30) of tumors ( Fig. 4D ), being diffuse in one and diagnostic of sclerosing PEComa. Plaque-like hyalinization, similar to that seen in endometrial stromal sarcomas, was observed in 18% (4/22), and in one tumor, the stroma was focally myxoid. Thin and delicate vessels were present in all PEComas (Fig. 4E ), thin and ectatic vessels in 43% (13/30), thick-walled vessels in 37% (11/30), and staghorn vessels in 13% (4/30). Thick-walled vessels were more commonly (64%, 7/11) located at the periphery. A radial/perivascular distribution of tumor cells was observed in 23% (7/30) of neoplasms (Fig. 4F) .
A spindled smooth muscle-like phenotype was noted in 13% (4/30). The most striking example (case 11) consisted of long fascicles of spindled cells juxtaposed with atypical epithelioid cells (Fig. 5A ). Another tumor (case 8) was comprised of smooth muscle-like cells in a hyalinized background multifocally "infiltrated" by nests and cords of epithelioid cells. The third tumor (case 1) showed small irregular bundles of smooth muscle, histologically different from the uninvolved myometrium, scattered throughout the tumor. In the fourth (case 13), a rim of spindled cells with bizarre nuclei (resembling a leiomyoma with bizarre nuclei) was present between the main tumor mass and adjacent myometrium. Focal involvement of adenomyosis by tumor was seen in one tumor (case 16).
Immunohistochemistry
Immunohistochemical results are summarized in Table 2 . HMB-45 and cathepsin K were positive in all PEComas, with most showing 3+/4+ expression (83% and 93%, respectively). Melan-A and MiTF were expressed in 77% (23/30) and 79% (22/28) of tumors, but with variable intensity. Each PEComa was positive for at least one muscle marker, with smooth muscle actin being the most common (90%, 26/ 29), followed by desmin (22/29, 76%) and h-caldesmon (75%, 21/28), and all 3 showed variable intensity. In the tumor with a striking spindle smooth muscle-like component (case 11), the epithelioid cells were strongly positive for HMB-45, cathepsin K, and melan-A, but negative for desmin, h-caldesmon, and smooth muscle actin, while the spindled cells showed the opposite staining pattern (Figs. 5B-F) . The spindled smooth PSF-TFE3 fusion and another having a RAD51B-OPHN1 fusion ( Fig. 6 and Table 2 ). (Table 1) . Of note, one patient (case 4) had 3 recurrences and as of last follow-up was alive without evidence of disease.
Follow-up
Statistical Analysis
On univariate analysis, size ≥ 5 cm (P < 0.001), highgrade nuclear atypia (P < 0.001), necrosis (P < 0.001), mitoses > 1/50 HPFs (P = 0.002), and lymphovascular invasion (P = 0.041), were associated with aggressive behavior. We sought to identify independent predictors of adverse behavior among the variables demonstrating statistically significant associations in univariate analyses. However, after conducting a binary logistic regression using stepwise selection ("enter" and "keep" thresholds of P < 0.20 and <0.10, respectively) we were not able to identify a single independent predictor.
Lymphangioleiomyomatosis Appearance (n = 2) Clinical Features
A 39-year-old patient (case 27) presented with lymphangioleiomyomatosis (LAM) in the lungs and imaging showed uterine and pelvic sidewall masses. The other patient was 49 years old, had tuberous sclerosis, and presented with abnormal uterine bleeding (case 32). Both underwent total hysterectomy with extrauterine disease noted in one (retroperitoneum, case 27).
Pathologic Examination
Both tumors were located in the uterine corpus and measured 6 and 8 cm, respectively. On microscopic evaluation, one had an overtly infiltrative border (case 27) whereas the other merged with non-mass-forming LAM (case 32). Both were comprised of low-grade spindled and epithelioid cells, thick-walled blood vessels, and cleft/slit-like spaces (Fig. 7) . Necrosis and mitoses were absent, but lymphovascular invasion was present in one (case 27). 
Fluorescence In Situ Hybridization
TFE3 and RAD51B rearrangements were not identified.
Follow-up
The patient with pulmonary LAM (case 27) is alive with stable lung disease after 78 months. Neither patient has experienced a recurrence of their uterine PEComa.
DISCUSSION
Uterine PEComas were first reported in 2002, 1 but only 2 series have investigated whether the type and number of atypical pathologic features may predict clinical outcome. 2, 3 Herein we describe the morphologic, immunohistochemical, and TFE3/RAD51B fusion status of the largest series of uterine PEComas to date and evaluate algorithms to predict outcome in these tumors. The original PEComa classification developed by Folpe et al 2 categorized tumors as either benign (no atypical features), uncertain malignant potential (nuclear pleomorphism/multinucleated giant cells or size > 5 cm), or malignant (2 or more of the following: size > 5 cm, infiltrative growth, high nuclear grade and cellularity, mitoses > 1/50 HPFs, necrosis, and lymphovascular invasion). Using this algorithm for their series of 16 gynecologic PEComas, Schoolmeester et al 3 noted that all aggressive PEComas were classified as malignant, but 57% of benign PEComas were also classified as malignant, and 3 tumors did not fulfill criteria to be assigned a category. Thus, they proposed a modified gynecologic-specific algorithm based upon 5 statistically significant features (size ≥ 5 cm, high-grade atypia (excluding degenerative atypia), mitoses > 1/50 HPFs, necrosis, and lymphovascular invasion) with the presence of at least 4 features required to make a diagnosis of malignant PEComa. In addition, they reduced the number of categories to 2-benign/ uncertain malignant potential and malignant. Using this algorithm, their 16 PEComas were accurately classified.
Application of the original algorithm in our series (limited to those with classic appearance, n = 30) showed an analogous trend with all aggressive PEComas classified as malignant. However, 37% (7/19) of benign tumors were misclassified, and 37% (11/30) did not fulfill criteria for any FIGURE 7 . In case 27, a well-circumscribed mass was noted in the uterine wall (A) that had morphologic features characteristic of lymphangioleiomyomatosis (B). 11/11 (100) 6/19 (32) category (Table 3) . When the gynecologic-specific algorithm was applied, 36% (4/11) of aggressive PEComas were incorrectly classified ( Table 4) . Three of the 4 misclassified PEComas (cases 1, 12, 31) had 3 atypical pathologic features, whereas those with a favorable outcome had a maximum of 2 (Table 5 ). When reviewing the series by Schoolmeester and colleagues, only 1 tumor (case 3) had 3 worrisome features, but it behaved in a benign fashion, with their remaining benign PEComas exhibiting up to 2 atypical features. 3 Follow-up, however, was relatively brief (27 mo), and given that 2 of our tumors did not recur until 44 and 65 months after initial diagnosis, it is possible that this PEComa may ultimately have recurred. Furthermore, this tumor measured 5 cm, which just met the size cutoff to be considered an atypical feature. When the gynecologic-specific algorithm described by Schoolmeester et al 3 was applied to the 6 uterine PEComas reported by Folpe et al, 2 one had 3 worrisome features and also behaved aggressively, whereas the remaining 5 were correctly classified. Thus, we propose a threshold of 3 (as opposed to 4) atypical features to diagnose a PEComa as malignant. Using this algorithm, all aggressive PEComas in this study, as well as those by Folpe et al 2 are properly classified, and only one from Schoolmeester et al 3 is misclassified.
The fourth aggressive PEComa in our series (case 4) that was classified as benign/uncertain malignant potential only had one atypical feature, a size of 5 cm. This tumor was quite peculiar in that the first recurrence occurred 65 months after diagnosis, followed by 2 additional recurrences at 91 and 151 months. While it is unknown whether the patient received any therapy besides surgery, she currently is alive without disease. This case exemplifies, as occurs in smooth muscle tumors, the fact that 
some of these PEComas, even when histologically benign, may rarely pursue an aggressive behavior. Therefore, we propose eliminating the term "benign" from the benign/ uncertain malignant potential category. The distinction of PEComa from a smooth muscle tumor in the uterus still remains a diagnostic challenge. One of the key morphologic features we have observed to aid in favoring a diagnosis of PEComa is the presence of a delicate, capillary-like vasculature surrounding tumor cells and nests, a feature not characteristic of smooth muscle tumors. Conversely, thick-walled blood vessels are ubiquitous in leiomyomas, and while might be seen in PEComas, they typically are less numerous and often peripherally located. Additional features that favor the diagnosis of smooth muscle tumor include perinuclear vacuoles and diffuse eosinophilic cytoplasm without prominent cytoplasmic granularity. 7 In some tumors, morphology alone may be insufficient to distinguish PEComa from a smooth muscle tumor. Schoolmeester and colleagues proposed that in the appropriate morphologic context (not described), focal staining by 2 melanocytic immunostains (preferably HMB-45 and melan-A) along with expression of at least one muscle marker is necessary to make the diagnosis of PEComa. 3 However, 44% (7/16) of their cases show ≤ 5% expression for both HMB-45 and melan-A. In contrast, focal and occasionally diffuse expression for HMB-45 and/or melan-A has been reported in a subset of uterine smooth muscle tumors. [8] [9] [10] [11] [12] [13] [14] [15] [16] While MiTF was positive in 79% of our tumors, previous reports have noted its low sensitivity and specificity, 2, 7 and in the absence of other melanocytic markers, we do not believe MiTF positivity alone justifies the diagnosis of PEComa.
Cathepsin K is a protease involved in osteoclast function that is regulated by the MiTF family 17 and is expressed in PEComas of the kidney 18 as well as extrarenal PEComas, 19 but its expression in smooth muscle tumors is largely unknown. To our knowledge, it has only been evaluated in three series (uterine leiomyomas, uterine leiomyosarcomas, and leiomyosarcomas not specified). 16, 19, 20 While all uterine leiomyomas were cathepsin K negative, 83% (25/30) of uterine leiomyosarcomas and 67% (8/12) of unspecified leiomyosarcomas showed at least focal staining. To further assess its expression in uterine leiomyosarcomas, we stained 20 of such tumors and found 4+ staining in 5% (1/20), 3+ in 35% (7/20) , 2+ in 5% (1/20), 1+ in 30% (6/20) , and 0 in 25% (5/20), all with weak or heterogenous intensity (personal observation). Nonetheless, additional studies investigating cathepsin K expression in uterine smooth muscle tumors are merited to determine its value as a diagnostic marker for uterine PEComas.
Originally, myoid markers (especially desmin) were considered to be more strongly expressed in tumors with a predominant spindled component and low numbers of clear cells. 1, 7 More recently, however, strong and diffuse desmin and h-caldesmon have been reported in a large cohort of PEComas, 3 irrespective of the number of clear cells or percentage of spindled component. Similar findings were noted herein. Other markers that have been occasionally expressed in uterine PEComas include hormone receptors, pan-cytokeratins, S-100, tyrosinase, CD10, CD1a, CD117, and vimentin, [1] [2] [3] 7, 21 but none have proved to be of diagnostic value in differentiating between a PEComa and smooth muscle tumor.
Smooth muscle-like differentiation in PEComas has only been briefly mentioned in the literature, but was noted in 4 of our cases. In the most striking example, the epithelioid and spindled morphologies were juxtaposed and had completely opposite staining patterns. The epithelioid component expressed melanocytic markers while the spindled foci, which histologically resembled a smooth muscle neoplasm rather than a spindled PEComa, were positive for muscle markers. This observation contrasts that reported by Folpe and colleagues who noted that none of their desmin-positive PEComas showed the previously described morphologic features compatible with smooth muscle tumors. 2, 7 However, Choi et al 22 described a somewhat similar lesion that consisted of ovoid to spindled cells infiltrating what appeared to be a leiomyoma. The infiltrative neoplasm was positive for HMB-45, smooth muscle actin, and TFE3, but negative for desmin and h-caldesmon, while the presumed leiomyoma showed the opposite pattern of staining. The question of whether these lesions represent a collision between a PEComa and smooth muscle tumor versus a PEComa with smooth muscle differentiation remains unknown, but perhaps may be answered by molecular analysis.
A subset of PEComas has shown TFE3 rearrangements. Testing immunohistochemical TFE3 expression can be challenging as the protein is ubiquitously present in low levels in normal cells. As a result, the antibody often shows low specificity, which may be improved via a manual preparation with overnight incubation. 23 For this reason, we evaluated for TFE3 translocations upfront by FISH. A PSF-TFE3 fusion was identified in one tumor and to our knowledge, only one other PSF-TFE3 rearranged PEComa of the gynecological tract has been reported, which was of cervical origin. 24, 25 Regardless of site and fusion partner, most TFE3-associated PEComas show similar morphologic features including alveolar or nested growth, predominant epithelioid component, low nuclear atypia, and rare mitoses, 4, 5, 26 all of which were characteristic of the tumor herein. Strong expression of HMB-45 and TFE3, focal or absent melan-A and smooth muscle markers, and negative MiTF is also typical of these tumors. 4, 5, 26 With the exception of diffuse expression of smooth muscle actin, this immunoprofile matched our current case. Of the 32 reported extrarenal TFE3-associated PEComas, 4, 5, [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] follow-up was available in 72% (23/32), 52% (12/23) of which demonstrated aggressive behavior. The clinical course of our patient with the TFE3-associated PEComa has been uneventful; however, follow-up is relatively brief (19 mo) .
A different tumor showed a RAD51B-OPHN1 rearrangement, which has only been described in 3 PEComas, all from the uterine corpus. 5 In the previous series, no distinct morphology was noted among the three tumors, but all showed brisk mitotic activity ( > 10/10 HPFs) and positivity for HMB-45, smooth muscle actin, and desmin. Recurrences occurred in all 3, one of which ultimately died of disease. Our RAD51B-rearranged PEComa also had an elevated mitotic index (28/10 HPFs) and expressed HMB-45 and desmin, but was negative for smooth muscle actin. While she did not experience any recurrences, she initially presented with lung metastases and succumbed to disease after 6 months. Although the cohort of RAD51B-rearranged PEComas is small, preliminary data suggests this fusion is associated with aggressive behavior, but additional studies need to be performed to corroborate this observation. As a caveat, a subset of uterine smooth muscle tumors have been reported to show RAD51B mutations [36] [37] [38] [39] [40] [41] thereby emphasizing the importance of strong expression for melanocytic markers, and if needed, molecular testing for TSC mutations, in the diagnostic work-up.
Finally, one unusual feature we noted in this series was the presence of 2 tumors having a LAM-like morphology. In the uterus, LAM is usually an incidental finding, 6,42-48 but occasionally presents as a discrete mass. 45, [48] [49] [50] [51] [52] Such patients typically have a history of tuberous sclerosis and/or pulmonary LAM, and undergo hysterectomy due to abnormal uterine bleeding, endometrial carcinoma, or an adnexal mass. Our 2 patients were no exception as one was previously diagnosed with pulmonary LAM and the other with tuberous sclerosis. The typical LAM morphology is generally sufficient to make the diagnosis, but when in doubt, HMB-45 and myoid markers may be helpful. While LAM often shows strong and diffuse desmin and smooth muscle actin, it is important to note that HMB-45 may be weak and patchy, or even negative, confounding the diagnosis. 47, 53 Similarly, melan-A can be negative or weak and patchy. 47 However, in both tumors in this study, as well as those from a recent series on pulmonary LAM, 54 cathepsin K has been shown to be diffusely positive, even in the absence of HMB-45 staining.
In summary, we have described the largest series of uterine PEComas to date highlighting their wide morphologic spectrum, common expression of HMB-45 and cathepsin K, and infrequent TFE3 and RAD51B rearrangements. We propose 2 modifications to the current gynecologic-specific algorithm, which include elimination of the term "benign" in the benign/uncertain malignant potential category, and reduction of the number of features required for a diagnosis of malignancy to 3. Both changes appear to more accurately classify these unique tumors.
